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[ Abstract] Objective To determine the importance of gastric inhibitory peptide receptor ( GIPR) signaling for
insulin resistance and hepatic steatosis in the adipose tissue of mice. Methods Four-week-old adipocyte-specific GIPR
knockout ( GIPR*"™ ") and wild-type ( WT) mice were fed a control (CD) or high-fat (HFD) diet for 15 weeks (n=8
per group). Changes in body mass were recorded, and the circulating glucose, insulin, and total GIP concentrations were
measured after 5, 8, 10, 12 and 15 weeks of feeding. Quantitative PCR was used to measure the changes in the expression

of genes involved in inflammation and GIPR signaling in adipose tissue; the volume, mass, and fat content of the liver were
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quantitatively assessed using ultrasonography; and insulin-stimulated AKT phosphorylation in adipose tissue, liver, and

skeletal muscle was evaluated using western blot analysis. Results During HFD-feeding, the body mass of the GIPR*"™~

mice was significantly lower than that of WT mice, and they also demonstrated lower insulin resistance, liver mass, and

hepatic steatosis. In addition, the plasma interleukin 6 (TL-6) concentration was lower in the GIPR™™

HEFD-fed WT mice. Conclusions

~~ mice than in the

GIPR signaling in adipose tissue plays a role in HFD-induced insulin resistance and

hepatic steatosis in vivo, and this may be mediated through IL-6.
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Table 1 Effect of GIPR deficiency in adipose tissue on body weight, glucose tolerance and insulin were

observed under CFD-fed conditions

S8 WT /N GIPR“o~~ /NEL P
Parameters WT mice GIPR™P~~ mice P value
A (kg)
Body weight (kg) 31.65 +2.13 32.71 + 1. 89 0.328
MBE AUC(min X mg/dL)
Blood glucose AUC( min X mg/dL) 22521.12 + 786.23 19682. 38 = 621.32 0. 121
i AUC(min X pg/mL)
Insulin AUC(min X pg/mL) 10023. 65 = 376. 87 8319.43 + 342.89 0.092
GIP AUC(min X pg/mL) 11872. 67 = 409. 54 12984. 27 + 398.76 0.231
1 Tslet 0.75 + 0.03 0.55 = 0.02 0.076
FIXT GIPR mRNA Fik7kF  WHEBENS Visceral fat 10.21 + 0.98 1.23 + 1.06 0. 005
GIPR mRNA/GAPDH B T A& Subcutaneous fat 13.26 + 1.23 1.09 + 0.86 0.003
mRNA Ji%§ Brain 0.82 + 0.07 1.21 + 0.94 0.129
48 % Duodenum 3.76 + 0.45 3.03 + 0.24 0.281
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Figure 1 Changes in body weight of mice and results of total Akt (P) and phosphorylated -Akt (Ser473) in different tissues
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Table 2 Effect of GIPR deficiency in adipose tissue on glucose tolerance and insulin under HFD-fed conditions

28 WT /ML GIPR™r~ /NE P
Parameters WT mice GIPR*P™~ mice P value
AR (mg/dL)

Blood glucose levels( mg/dL) 171.28 = 16. 80 153.91 = 15.49 0. 652
e 2KF (pg/ml.) 52805.32 + 699. 83 17654.23 + 352.87 0.031
Insulin levels( pg/ml.)

C-K(pg/mL)
C-peptide levels( pg/mL) 8034.47 + 231.98 2109. 65 + 76.95 0. 008
S GIP 7K (pg/mL)
Total GIP levels( pg/ml.) 620. 65 + 23. 82 601.76 + 34.97 0.239
EYEA(g/d)
Food intake ( g/d) 4.12 + 0. 87 4.52 +0.98 0. 126
I AUC(min X mg/dL)
Blood glucose AUC(min x mg/dL) 48134.23 + 562. 87 38651. 19 + 509. 76 0. 256
& AUC(min X pg/mL)
OGTT Insulin AUC (min X pg/ml.) 52431.78 + 604. 19 39876.97 + 409.23 0.321
GIP AUC(min X pg/mL) 3987.76 + 67.43 3865. 17 + 50. 49 0. 429
HOMA-IR 49.54 + 4. 12 21.65 £ 1. 84 < 0.001
1i¥% AUC(min x mg/dL)
ITT Blood glucose AUC(min X mg/dL) 23041.75 + 398. 87 14209. 43 + 354. 64 < 0.001
I AUC(min X mg/dL)
PTT Blood glucose AUC(min x mg/dL) 29865. 46 + 307. 42 19763. 19 + 293. 90 0. 009
%3 HFD MEIE WT Al GIPR*™ /N {23 I 1M fig 7K F-
Table 3 Fasting plasma lipid levels in HFD-fed WT and GIPR*™~ mice
E 2 WT /MR (n=8) GIPR™™~ /N (n=8) PE
Parameters WT mice(n=238) GIPRiro~/~ mice(n=8) P value
TG (mg/dL) 45.16 = 3.71 30.62 + 2.55 0. 008
LDL-C(mg/dL) 16.72 £ 1.58 17.82 £ 1.36 0.521
HDL-C(mg/dL) 55.57 + 4.18 61.33 £ 2.64 0.321
NEFA(pEgq/L) 594.23 + 153.86 452.34 + 72.35 0.419
A Lafectid) GIPREE g b B
WT(GIPR™) GIPRadipo-/-
; N :' S
4 30000 —
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(==
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Figure 2 Immunohistochemical results of subcutaneous fat and hematoxylin and eosin staining results of liver in mice(n=28)
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Table 4 Liver fat and cholesterol levels in HFD-fed WT and GIPR*™™™ mice

4 WT /MR GIPR™P~~ /N Fi, P1A
Parameters WT mice GIPR*P~ " mice P value
A (a3
_WM‘(““ )3 2.22+0.18 1.42 + 0.12 0. 003
Liver volume( cm”)
B A B g
m”ﬂﬁ‘?? %) 37.63 £ 2.11 24.76 = 2.84 0. 008
Fat content in liver( %)
.Hlizf(g) 2.74 = 0.21 1.82 + 0.09 < 0.001
Liver welght( 2)
FFTG % fk (mg/g) 250. 61 + 42. 87 125.90 =+ 21. 84 0. 004
TG conlenl( mg/g)
L
LIREY Pt (me/g) 594.22 + 108. 51 452.34 + 96. 42 0. 421

Total cholesterol content( mg/g)

RS HFD WIRFMF N AR AN 5 A% mRNA KiEKF-(n=8)
Table 5 Relative mRNA expression levels of related inflammatory cytokines under HFD-fed conditions(n=238)

K WT /NEL GIPR™i~~ /N P
Parameters WT mice GIPR P~ mice P value
IL-6 1.81 = 0.21 0.71 = 0.05 0.032
TNF-a 0.95 + 0.02 0.82 +0.03 0. 167
MCP-1 1.46 = 0.07 1.38 = 0.08 0.249
IL-1B 1.26 £ 0. 16 0.95 + 0.04 0. 356
Eg .
[I‘ﬂ;}‘i@??kq: 590.21 + 106. 43 486.43 + 85.34 0. 429
Plasma leptin level
B HEE 22k
m17ﬁﬂun/£\§7j(q: 2.45 + 0.28 2.28 +0.19 0. 187
Plasma adiponectin level
2 100 1 - 3000
o - - s x #iH
z 2E %z EE |
5% 52 . 3% 22 2
Zz 11 =37 50+ £ 5051 3
EE %3 £a o
£3 %2 3;; g 32 1000 *
£8 24 %3 I
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0 1 0 1 0

GIP (-) (+) GIP(-) (+)

CERABL, " P < 0.05, ™ P < 0.05; 5

GIP (-) (+)
TNF-a. 5 ng/mL

)P ¢ GO
TNF-o 5 ng/mL  TNF-a 10 ng/mL

" GIP() (1)
TNF-a 10 ng/mL

5 GIP 4bFEL [ (5 ng/mL TNF-a) ,*P < 0.05,%#P < 0.001,

B3 EFEESRATELE TNF-a 5 H T, % GIP( 100 nmol/L) Zb3H 24 h (1 3T3-L1 B 40 IL-6 mRNA
FIRIKERME 1L-6 /K

*P < 0.05,

Note. Compared with untreated groups,

P <0.05, ¥P <0.001.

P < 0.05. Compared with GIP treatment groups in the prescience of 5 ng/ml TNF-a,

Figure 3 IL-6 mRNA expression levels and plasma IL-6 levels in 3T3-L1 adipocytes treated with GIP (100 nmol/L)
for 24 h with or without TNF-o
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